international Bureau 

IN TFBNAT10NAL APPUCATTCN — jSHgg UNDER THE PA^NT COOPERAT E TttEATV (PCO 

: t n..ui M »t An Knmhw: Yl\J ^Wl"** 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
wu Cntemational Bureau 




(51) International Patent Classification 6 

A61K 38/00, C07K SAW, 7/00, 17/00 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 96714854 

23 May 1996 (23.05.96) 



(21) international Application Number: PCT/US95/.4303 

(22) International Filing Date: 3 November 1995 (03.1 1.95) 



(30) Priority Data: 

08/338,395 



14 November 1994 (14.1 1.94) US 



(71) Applicant: THE REGENTS OF THE ™^™J* 
( ) CALIFORNIA [US/US]; 22nd floor. 300 Lakeside Dnve. 

Oakland. CA 94312-3550 (US). 

(72) Inventor: McFADDEN, David. W.; 2001 Faiibum Avenue. 

Los Angeles, CA 90025 (US). 

mj\ . oont ,. OLDENKAMP. David, J. et al.; Poms. Smith. Lande 
(74) ^^^^^corporation. Suite 3800. 2029 Century 
Park East, Los Angeles, CA 90067 (US). 



(M) D^ ted Stetes: AM AT & S 

S' S" £S LV MD. MO. MN. MW, NO. NZ. 

w pt'roru sd se sg. si. sk. tj. tm. TT. UA. 

ifi UZ. W Ewt*ean patent (AT. BE. CH. DE. DK. ES 
™ GB GR ffiTlLl TmC. NL. PT. SE). OAPI patent 
«F b!.' CT CG CI CM. GA. GN. ML. MR NE. SN. TD. 
TO) ARD>6 patent (KE, LS. MW. SD. SZ. UG). 



Published 

With international search report. 




(57) Abstract 



tldoti.ibi^ 

of peptide YY or an analog of peptrieY^ ^™^™**rs. 



^l 1 ^ S^enign and malignant tumors. 



-^est^wailable copy 



FOR THE PURPOSES OF INFORMATION ONLY 
m*£!ZZ?£ identify States party to the PCT on the front pages of pamph.e* pushing Internationa. 



AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Centra] African Republic 


CG 


Congo 


CH 


Switzerland 


CI 


Cote d'lvoire 


CM 


Camerooo 


CN 


China 


CS 


Czechoslovakia 


C2 


Czech Republic 


DE 


Germany 


DK 


Denmark 


E5 


Spain 


n 


Fin land 


FR 


France 


GA 


Gabon 



GB 


United Kingdom 


GE 


Georgia 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


£E 


Ireland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgystan 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic of Korea 


KZ 


Kazakhstan 


U 


Liechtenstein 


LK 


Sri Lanka 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia 



MR 


Mauritania 


MW 


Malawi 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


FT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


US 


United States of America 


uz 


Uzbekistan 


VN 


Viet Nam 



PCT/US95/14303 

WO 96/14854 

-1- 



10 



15 



20 



TREATMENT OF PANCREATIC TUMORS 
WITH PEPTIDE YY AND ANALOGS THEREOF 

BACKGROUND OF THEJNVENTTQN 

■ Field " f T h '* invention 

The present invention nM. » «*•* te 

rumors. More pntataly. the pr^enr invention is direct to methods fo, oeaong 
ILign --fW^*~ peptide YY and • 

■? nescrip r™ "f Plated Art 

|3^^n .he dead, of more rhan 95 percen of afflK*. 

padent, .sselbacher, e, ai. <ed.) Harrison's M**. 

34 (13* «... 1994,. la 1993, approximately 25,000 pauenrs d.ed of pancreauc 
1 fMn „ r re iated mortality. Cancer 

cancer, making it the fifth most common cause of cancer-related morta. 

Facls aod Figures, American Cancer Society (1993). 

Pancreatic rumors occur rwice as freely in me pancreauc h»d (60 
percent of cases) as in the hcdy (15-20 percen,) or rail <a*ou, ^ ^ 

Corran, er al. (ed.) MN. — «T~ «* * 

W). Currently, complere surgica, resecuon of pancreadc tumors - 
effecrive treaunen, of .his disease. Surgical resection, however, » Irmue* for* 
pmctical purposes, to those individuals having rumors in the ^ 
whom jaundice was the initial symptom. Even wilh the openuon, m five 
su „ival rare for these parients is on,y five percent. Iss— e, al. (ed, 
Harrisons Frizes of Memo, Medicine, 1532-34 (13,h ed.. .994). 
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SUMMARY O F THE INVF^ HM 
The present invention involves a method for treating pancreatic tumor cells 
to reduce the proliferation of such cells. The method is applicable to both benign 
and malignant tumors. In addition, the method is useful in both in vivo and in vitro 
environments. 

In accordance with the present invention, it was discovered that peptide YY 
is an effective anti-proliferation agent which, when contacted with pancreatic tumor 
cells, is useful in reducing the degree to which the tumor cells proliferate. 

As a further feature of the present invention, it was discovered that certain 
analogs of peptide YY are also effective anti-pancreatic tumor agents. 

The method includes the step of contacting the proliferating pancreatic tumor 
with an effective amount of peptide Y Y or an analog of peptide Y Y which are also 
referred to herein as peptide YY agonists. The contacting step can be carried out 
according to any of the known procedures for administering drugs to pancreatic 
tumors including parenteral delivery, e.g. administered to the tumor in a subject 
intravenously, subcutaneously, by implantation of a sustained release formulation 
(e.g. near the pancreas), transdermal ly (e.g. / topically or by ion foretic path), by 
implantable or external infusion pump, or by perfusion (e.g. of the pancreas).' In 
other embodiments, the contacting step may also be effected externally or trans- 
mucously. 

The types of benign pancreatic tumor cells which may be treated in accord- 
ance with the present invention include serous cyst adenomas, microcystic tumors, 
and solid-cystic tumors. The method is also effective in reducing the proliferation 
of malignant pancreatic tumor cells such as carcinomas arising from the ducts, acini, 
or islets of the pancreas. 

Both definition and exemplification of peptide YY, and analogs of peptide 
YY, i.e. "peptide YY agonist" are set forth in the DESCRIPTION OF THE 
PREFERRED EMBODIMENTS below. 

It was discovered that dosage levels on the order of a few pmol/kg/hour were 
effective in reducing cell proliferation. Higher dosages ranging up to 1000 
pmol/kg/hour and even higher may be used provided that side effects are not too 
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Averse •n.emostcom^aOversesideefWofadmim^oncfpq.UdeYYand 

^ired » aebieve desired UrerepeuUc «Cv— - *P- *» - 
«, g seated, a. roe* of administration chose,, and ft. spectflc ««» of the 

narian by rouline dosage adjustments. 

Che, features and advances of .he invention wiU be apparen. from toe 
mowing description of rbe prefened embodiments tbereof, an, from Catms. 

Ahhr^viations: 
A i5 = aminoisobutyric acid 
Anb = a -aminonormalbutyric acid 
B jp = 4, 4'-biphenylalanine 
Btn = 3-benzothienyalanine 
Dip = 2,2-diphenylalanine 
Na l = 2-napthylalanine 
Orn = Ornithine 
Pcp = 4-chlorophenylaianine 
Th i = 2-thienylalanine 
Tic = tetrahydroisoquinoline-3-carboxylic acid 

^ thr prt ttppf" fmrodimei* 

Po H ;h p yy and Its Ago nic 

■ Jt - t Z^7w* * 36 amino acid residue peptide am.d 
origin..., fro. porcine inline and ,«a.iaed in .be endocrine ceHs of be 
onginany iru y» „.,. m „,„ « al 79 Proc. Nail. Acad. Sa. 

gastrointestinal tract and die pancreas (Taremotu et al., 79 
Ll4 (.982,,. Tbe amino acid sequences of porcine and human PYV are as fc ow, 

pol PYY - VP.KP^O^YVMOHYUn.VT.OtY {SB). 
ID. NO. 1) 

humanPYY _ yP.KPE.POED^PVVM^Un.vrPQPV (SEQ. 
ID. NO. 2) 

- „ , „ pyy and rat is the same as porcine PYY. 
The amino acid sequence for dog PYY and rai 
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PYY is believed to inhibit gut motility and blood flow (Laburthe, 1 Trends 
Endocrinol Metab. 168 (1990)), to mediate intestinal secretion (Cox et al 101 Br 
J. Pharmacol. 247 (1990)); Playford et al., 335 Cancer 1555 (1990)), and stimulate 
net absorption (MacFayden et al., 7 Neuropeptides 219 (1986)). 

Novel analogs have been prepared in order to emulate and preferably 
enhance the duration of effect, biological activity, and selectivity of the natural 
pept.de. Many of these analogs are derived from biologically active peptide 
fragments of PYY (e.g., PYY^ and PYY^). Such ^op, wnich ^ ^ 
proliferation of pancreatic tumors, will be called peptide YY agonists herein. 

Peptide YY agonists which can be used to practice the therapeutic method 
of the present invention include, but are not limited to, those covered by the 
formulae or those specifically recited in the publications set forth below, all of 
which are hereby incorporated by reference. 

Balasubramaniam, et al., 1 Peptide Research 32 (1988); 
Japanese Patent Application 2,225,497 (1990); 
Balasubramaniam, et al., 14 Peptides 1011 (1993); 
Grandt, et al., 51 Reg. Peptides 151 (1994); and 
PCT Application US94/03380 (1994). 

Peptide YY agonists which can be used to practice the therapeutic method 
of the present invention also include the closely related peptide neuropeptide Y 
(NPY) as well as derivatives, fragments, and analogs of NPY. The amino acid 
sequences of porcine and human NPY are as follows: 

human NPY - YPSKPDNPCEDAPAEDMARYYSALRHYO^rTRQRY (SEQ. 
ID. NO. 3) 

porcine NPY - NPY ypskpdnpoedapaedlaryysalrhyinlitrqry 
(SEQ. ID. NO. 4) 

The amino acid sequence for rat NPY, rabbit NPY, and guinea pig NPY are the 
same as human NPY. 

Examples of NPY analogs include but are not limited to, those covered by 
the formulae or those specifically recited in the publications set forth below, all of 
which are hereby incorporated by reference. 
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German Patent Application DE 3811193A1 (1989); 

Balasubramaniam et al., 265 /. Biological Chem., 14724-14727 (1990); 

Cox et al., 101 Br. J. Pharmacol, 247-252 (1990); 

PCT Application WO 91/08223 (1991); 

U.S. Patent 5,026,685 (1991); 

Balasubramaniam et al., 267 J. Biological Chem., 468(M685 (1992); 
European Patent Application 0355793 A3 (1992); 
Dumont et al., 238 European J. Pharmacol., 37-45 (1993); 
Kirby et al., 36 J. Med. Chem., 3802-3808 (1993); 
PCT Application WO 94/00486 (1994) ; 
Foumier et al., 45 Molecular Pharmacol, 93-101 (1994). 
Balasubramaniam et al., 37 J. Med. Chem., 811-815 (1994); 
Polter et al., 267 European J. Pharmacol, 253-262 (1994); and 
U.S. Patent 5,328,899 (1994). 

Preferred peptide YY agonists of the invention is of the formula: 

. *> : ■ 

R 2 -X-A K -A J5 -A«-A»-A J '-A 27 -A»-A».A»A"-A 32 -Y-R 4 

wherein: . 
X is a chain of 0-5 amino acids, inclusive, the N-terminal one of wh.ch ,s 

bonded to R t and R 2 . 

Y is a chain of 0-4 amino acids, inclusive, the C-terminal one of winch »s 

bonded to R 3 and R 4 

R, is H, C r C 12 alkyl (e.g., methyl), C 6 -C 18 aryl (e.g., phenyl, naptha- 
leneacetyl), C,-C 12 acyl (e.g., formyl, acetyl, and myristoyl), C 7 -C l8 
aralkyl (e.g., benzyl), or C 7 -C 18 alkaryl (e.g., /vmethylphenyl); 

R 2 is H, C,-C 12 alkyl (e.g., methyl), C 6 -C 18 aryl (e.g., phenyl, naphtha- 
leneacetyl), C r C 12 acyl (e.g., formyl, acetyl, and myristoyl), C r C 18 
aralkyl (e.g., benzyl), or C 7 -C 18 alkaryl (e.g., ,-methylphenyl); 

A 22 is an aromatic amino acid, Ala, Aib, Anb, N-Me-Ala, or is deleted; 

A" is Ser Thr, Ala, N-Me-Ser, N-Me-Thr, N-Me-Ala, or is deleted; 
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A 24 is Leu, He, Val, Trp, Gly, Aib, Anb, N-Me-Leu, or is deleted; 
A 25 is Arg, Lys, homo-Arg, diethyl-homo-Arg, Lys-e-NH-R (where R is 

H, a branched or straight chain C,-C 10 alkyl group, or an aryl 

group), Orn, or is deleted; 

26 

A is His, Thr, 3-Me-His, 1-Me-His, 0-pyrozolylalanine, N-Me-His, 
Arg, Lys, homo-Arg, diethyl-homo-Arg, Lys-e-NH-R (where R is H, 
a branched or straight chain C,-C 10 alkyl group, or an aryl group), 
Orn, or is deleted; 

27 

A is an aromatic amino acid other than Tyr; 

A 28 is Leu, He, Val, Trp, Aib, Aib, Anb, or N-Me-Leu; 

A 29 is Asn, Ala, Gin, Gly, Trp, or N-Me-Asn; 

A 30 is Leu, lie, Val, Trp, Aib, Anb, or N-Me-Leu; 

A 31 is Val, He, Trp, Aib, Anb, or N-Me-Val; 

A 32 is Thr, Ser, N-Me-Ser, or N-Me-Thr; 

R 3 is H, C,-C 12 alkyl (e.g. , methyl), C 6 -C I8 aryl (e.g., phenyl, naphtha- 
leneacetyl), C r C, 2 acyl (e.g., formyl, acetyl, and myristoyl), C r C ls 
aralkyl (e.g., benzyl), or C 7 -C 18 alkaryl (e.g., />-methylphenyl); 
R 4 is H, C,-C 12 alkyl (e.g., methyl), C 6 -Ci 8 aryl (e.g., phenyl, naphtha- 
leneacetyl), C,-C 12 acyl (e.g., formyl, acetyl, and myristoyl), C r C, 8 
aralkyl (e.g., benzyl), or C 7 -C 18 alkaryl (e.g., ^-methylphenyl), 
or a pharmaceutically acceptable salt thereof. 

Particularly preferred agonists of this formula to be used in the method of 
the invention include: 

N-a-Ala-Ser-Leu-Arg-His-Trp-Leu-Asn-Uu-Val-Thr-Arg- 
Gln-Arg-Tyr-NH 2 (Analog #1) (SEQ. ID. NO. 5). 

Also preferred peptide YY agonists of the invention is of the formula: 
R i R 3 

* / 

R 2 -A 25 -A 26 -A 27 -A 28 -A 29 -A 30 -A 3, -A 32 -Y-R 4 
wherein: 

the N-terminal amino acid bonds to R, and R 2 ; 
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Y is a chain of 0-4 amino acids, inclusive the C-terminal one of which bonds 
toR 3 andR 4 ; C ^C 1R aralkyl, orC 7 - 

Cig alkaryl; 

R 2 is H, C.-C,, alky!. C 6 -C„ aryl. C,-C 12 acyl, C 7 -C„ «M. <» «V 

A* is'lrg, L»s', homo-Arg, diedry.-honK-Arg, Lys-e-NH-R (wh«e R is 
H, a branched or straight chair C,-C 10 alkyl group, o, an aryi 
group). Om, or is deleted; 
A» is Ala. His, H>r, 3-Me-His, 1-Me-His, p--pyrozoly.alan,„e, N-Me- 
His, Arg. Lys. homo-Arg, died-yl-honro-Arg, Lys-e-NH-R (where R 
is H, a branched or straight chain C,-C 10 alley, group, or an aryl 
group), Orn, or is deleted; 

A 27 is an aromatic amino acid; 

A 28 is Leu, lie, Val, Trp, Aib, Anb, or N-Me-Leu; 

A 29 is Asn, Ala, Gin, Gly, Trp, or N.MerAsn; 

A 30 is Leu, lie, Val, Trp, Aib, Anb, or N-Me-Leu; 

A 31 is Val, He, Trp, Aib, Anb, or N-Me-Val; 

A 32 is Thr, Ser, N-Me-Ser, or N-Me-Thr or D-Trp; 

R 3 is H, C r C 12 alkyl, C 6 -C 18 aryl. C r C I2 acyl, C^aralleyl, or C r 
C 18 alkaryl; and 

R 4 is H, C,-C 12 alkyl. C 6 -C„a^l, C,-C 12 acyl. C r C,,a^y., or C r 
C, 8 alkaryl, 

or a pharmaceutical^ acceptable salt thereof. , ... 

Note that, unless indicated otherwise, for all peptide YY agonists desenbe, 
herein each amino acid residue, e.g.. Leu and A', represents the structure of NH- 

• , a- Lines between amino acid residues repre- 
rnttH-CO-, in which R is the side chain. Lines oeiwcc 

I p^de bonds which join Ore anrioo acid, Also, where the anrino ac,d res.du 
TZ» acttve, it is the Morn, conr.gu.tion that is intended unless D-fonu ,s 
expressly designated. 
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Svnthesis nfpyy Agonists: 

Human PYY, homologues, fragments, and analogs thereof, can be purchased 
commercially (Bachem California 1993-94 Catalogue, Torrance, California; Sigma 
Peptides and Amino Acids 1994 Catalog, St. Louis, Missouri). The PYY analogs 
of the present invention may also be synthesized by many techniques that are known 
to those skilled in the peptide art. An excellent summary of the many techniques 
so available may be found in Solid Phase Peptide Synthesis 2nd ed. (Stewart, J.M. 
and Young, J.D., Pierce Chemical Company, Rockford, IL 1984). 

Analog #1 (Sequence ID No. 5), obtained from the University of Cincinnati 
Cncinnat,, Ohio, was synthesized as follows. Peptide synthesis was performed on 
an Applied Biosystems* (Forster City, CA) Model 430A synthesizer. Amino acid 
and sequence analyses were carried out using Waters' (Milford.MA) Pico-Tag and 
Apphed Biosystems* Model 470A instruments, respectively. The peptide was puri- 
fied using a Waters Model 600 solvent delivery system equipped with a Model 481 
Spectrophotometer and U6K injector according to standard protocols. Peptide mass 
spectra were determined at the University of Michigan, Protein Chemistry FaciUty 
An Arbor, Michigan according to standard methods. All Boc-L-amino acid deriva- 
tives, solvents, chemicals and the resins were obtained commercially and used with- 
out further purification. 

Paramethylbenzhydrylamine (MBHA) resin (0.45 mmol/gm, -NHj) was 
placed in the reaction vessel of the peptide synthesizer and the protected amino acid 
derivatives were sequentially coupled using the program provided by the manufac- 
turers modified to incorporate a double coupling procedure (see eg 
Balasubramaniam et al., Peptide Research 1: 32, 1988). All amino acids were 
coupled using 2.2 equivalents of preformed symmetrical anhydrides. Arg, Gin and 
Asn, however, were coupled as preformed 1-hydroxybenzotriazole (HOBT) esters 
to avoid side reactions. At the end of the synthesis, the N-a-Boc group was 
removed and in some instances the free or-NH2 was acctylated by reaction with 
acetic anhydride (2 equivalents) and diisopropyl ethylamine until a negative nin- 
hydnn test was obtained (Anal. Biochem. 34:595, 1970). The peptide resin (~ 1 0 
g) was then treated with HF (10 ml) containing p-cresol (-0.8 g) for 1 h at -2 to - 
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taA onH thp res idue was transferred to a fritted filter 
4°C The HF was evaporated and tne resume « 

M with died,,, emer, washed repeated., with dierhyl edrer, extract with acetic 
acid (2 x 15 ml) and .yophUized. The crude peptides thus obtained were punfied 

by semipreparative RP-HPLC. 

Otter PYY analogs of .he invention can be prepared by malting appropna* 
modifications, within ability of a person of ordinary skill in tins fidd, of ft. 
synthetic methods disclosed herein. 

Whi.e i. is possible for peptide YY and peptide YY analogs to be admtnr- 
aered as me pure or substantially pure compounds, i. is preferable mar they be 
adminisrered as pharmaceutic* formu,ations or preparation. The formula <o 
be used in the present invention, for both humans and animals, include pepude PYY 
any of me analogs se, form above, together with one or more pharmaceutic*., 
acceptable carriers titerefor, and optionally other titerapeutic ingredtertis. 

The carrier most be "acceptable" in the sense of being compatible wrm me 
active ingredients) of the formu.at.on <and preferab.y, capab.e of subUizmg 
peptides) and no. delererious to me subject to be treated. . . . ; ■ , 

The (Orundations may convenientiy be presented in uni. dosage form and 
ma, be prepared by any of me merhods weH known in me an of pharmacy. AU 
merhods include me sup of bringing me active ingredient,*) into assoaaoon wrrh 
the carrier which constirures one or more accessory mgredtents. 

in general, the formuUtions for .ablets or powders are prepared by untformly 
and intimate!, bleading the active ingredient wirh fine., divided sofid carriers, and 
men, if neoessary. as in me case of tab.e,s. forming tine product into .he destred 

shape and size. , 
Formulations soluble for imravenous administration, on me omer hand 
convenientiy comprise stertie a,ueou S solutions of tire active mgred^s). 
P.ferably, .he stations are isoronic with .he M of me subject to be rreaKd. 
Such formu,ation S may be conveaien,,, prepared by dissolving sotid active mgre- 
dient(s) in water ro produce an a,ueous solution, and rendering said sohttion aen. e. 
The formulation ma, be present in uni, or mu.rWose containers, for example, 
sealed ampules or vials. 
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Formulations suitable for sustained release formulations include biodegrad- 
able polymers (e.g. U.S. Patents 4,678, 189 and 4,767,628, hereinafter incorporated 
by reference). Examples of suitable biodegradable polymers include L-lactic acid, 
D-lactic acid, DL-lactic acid, glycolide, glycolic acid, and any optically active 
isomers, racements, or copolymers thereof. 

Peptide YY and peptide YY agonists are administered to pancreatic tumors 
using the same procedures which are well-known for use in introducing chemothera- 
peutic agents to pancreatic tumors. The particular route of administration will vary 
depending upon tumor type, location, extent of growth and other factors. By rou- 
tine experimentation, the preferred route of administration and dosage regimen can 
be established on an individual basis. As mentioned previously, the administration 
routes include: intravenous introduction to the tumor; subcutaneous introduction by 
implantation of a sustained release device near the tumor; transdermal introduction 
by topical or ion phoretic application; direct introduction to the tumor by an 
implantable or external infusion pump; or by perfusion. All of the above admini- 
stration routes are well-known to those of ordinary skill in the art and have been 
used in pancreatic tumor treatment protocols using other chemotherapeutic agents. 

In order to achieve maximum dosage levels with minimum side-effects, it is 
preferred that administration techniques be used which introduce peptide YY or pep- 
tide YY agonists directly to the tumor. Direct infusion and perfusion are examples. 
The dosage level may be varied widely depending upon the patients tolerance to the 
particular peptide YY or analog being administered. Initial trial infusion or perfu- 
sion dosages on the order of two to four hundred pmol/kg/hour are preferably used. 
The dosage level is adjusted upward or downward depending upon patient tolerance 
and tumor response. Preferably the dosage level is increased to a level which pro- 
vides a significant (i.e. at least 15%) reduction in cell proliferation without causing 
adverse side effects, such as vomiting, abdominal pain or constipation. 

The method of the present invention is preferably carried out continuously 
over extended periods of time to achieve maximum effectiveness. Sustained release 
devices located adjacent to the tumor are well-suited for providing continual applica- 
tion. Infusion and perfusion is preferably carried out continually for 6 hours up to 
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168 hours. Patient and tumor response to the treatment is continually monnored 
during the treatment period with adjustments in dosage levels being made, .f neces- 
«, Treatment is terminal when desired levels of reduction in rumor cell proh- 
ferauon are achieved or the patient experiences adverse side effects. It is preferred 
tot treatment times, like dosages, be maximized to achieve maximum reduction m 
cell proliferation without creating adverse side effects. 

Examples of practice are as follows: 
muan- De m -nl- W- " f A-ii-Pmlifrfflivf rV'Mlv I" W«tt 

I„ mis examp.e, the effectiveness of PVV and Analog #1 in reducing prol- 
ferauon of two different pancreatic duclal adenocareinomas in yi.ro is demonsmded 
PANC-1 and MiaPaCa-2 are two human pancreatic adenocareinomas cancer cell 
,l„es which are avai.able commercially from suppliers such as Amencan Type 
Culture Collection, ATCC (Rockville, MD). For this example, tire rwo rumor cells 
were grown in RPMI-1640 culture media supplemented with 10* feral txmoe 
serum. 29.2 mg/L of glutamine, 25 Kg gentamicin, 5 ml pen.dl.in. srreptomyc^ 

waterjackeredSKCO^tor. Al, cel. lines were detached with 0.25* trypsm 
(Clonetics, San Diego, CA) once ro rwicn a week when a cnnfluen, monolayer of 
,umor cens was achieved. Cel.s were pel.«ed for 7 minutes a. 5CO g m a 
refrigerated centrifuge at 4' Celcius, and resuspended in rrypsin free fortified PPM1 
,640 culture media. Viable cells were counted on a hemocytometer slide wrh 
trypan blue. 

Ten thousand, 20,000. 40,000 and 80,000 cells of each type were added to 
96 well microculrure plates (Costar, Cambridge. MA) in a rottl volume of 200 ,1 
of culture media per well. Ce.,s were allowed to adhere for 24 hours prior ro 
addition of the PYY or Analog #1 peptides. Fresh culture media was exchanged 
prior ro addition of peptide, in vi.ro incubation of pancreatic rumor cells with 
eidrer PYY or Analog *1 was continued for 6 hours and 36 hours in length. PYY 
was added to cells a. doses of 250 pmo!, 25 pmol, and 2.5 pmol per well (N=14) 
A^og f 1 was added to cells cultures a, doses of 400 pmol, 40 pmo., and 4 pmol 
per we.. Control wel.s received 2 „1 of 0.9* saline .0 mimic the volume and 
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physical disturbance upon adhered tumor cells. Each 96 well plate contained 18 
control wells to allow for comparison within each plate during experimentation. 
Ninety-six (96) well plates were repeated 6 times with varying concentrations of 
PYY and Analog #1 in both the PANC-1 and MiaPaCa-2 cells. 

At the end of the incubation period, 3-(4,5-dimethylthiazolyl-2-yl)-2,5-diphe- 
nyltetrazolium Bromide, MTT tetrazolium bromide (Sigma, St. Louis, MO) was 
added to fresh culture media at 0.5 mg/ml. Culture media was exchanged and 
tumor cells were incubated for 4 hours with MTT tetrazolium bromide at 37° 
Celcius. At the end of incubation, culture media was aspirated. Formazon crystal 
precipitates were dissolved in 200 M l of dimethyl sulfoxide (Sigma, St. Louis, MO). 
Quantitation of solubilized formazon was performed by obtaining absorption read- 
ings at 500 nm wavelength on an ELISA reader (Molecular Devices, Menlo Park, 
CA). The MTT assay measures mitochondrial NADH dependent dehydrogenase acti- 
vity, and it has been among the most sensitive and reliable method to quantitative 
in vitro chemotherapy responses of tumor cells. (Alley, M.C., Scudiero, D.A., 
Monk, A, Hursey, M.L., Dzerwinski, ML, Fine, D.L., Abbott, B.J.,' Mayo,' 
J.G., Shoemaker, R.H. and Boyd, M.R., Feasibility of drug screening with panels 
of human tumor cell lines using a microculture tetrazotium assay. Cancer Res., 
48:589-601, 1988; Carmichael, J., DeGraff, W.G., Gazdar, A.F., Minna, LD. and 
Mitchell, LB., Evaluation of a tetrazolium-based semiautomated colorimetric assay: 
Assessment of chemosensitivity testing. Cancer Res. , 47:936-942, 1987; McHale, 
A.P., McHale, L., Use of a tetrazolium based colorimetric assay in assessing 
photoradiation therapy invitro. Cancer Lett. , 41:315-321 , 1988; and Saxton, R.E., 
Huang, M.Z., Plante D., Fetterman, H.F., Lufkin, R.B., Soudant, L, Castro', D.J.,' 
Laser and daunomycin chemophototherapy of human carcinoma cells. J. Clin. 
Laser Med. and Surg., 10(5): 33 1-336, 1992.) 

Analysis of absorption readings at 550 nm were analyzed by grouping wells 
of the same test conditions and verifying differences occurring between control and 
the various peptide concentration treatments by one-way ANOVA. Once statistical 
significance was achieved, P<0.05, each test group was compared to its paired 
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con*,! group by Student's within each 96 wel. plate. A stausuca, signi- 
ficance was considered -hen P < 0.05 was achieved. 

reafits of the «rr viability assays for PANC-1 and MtaP.Ca-2 36 
hours after exposure » either PYY or B.M-43004-. are shown in Ore fo.low.ng 
Table. Percen. reduction in cell grow* is described as compared » control coll 
growth with normal saline inoculation. 

TABLE I 

Percent Reduction in Tumor Crowth(%) 
Compound Compared to Control 



PEPTIDE 


CONCENTRATION 


PANC-1 | 


Mia PaCa-2 


PYY 


250 pmol 


25.7% 


15.4% 


PYY 


25 pmol 


14.7% 


12.8% 


PYY 


2.5 pmol 


9.8% 


0.5% 


Analog ti\ 


400 pmol 


18.2% 


37.1% 


Analog 01 


40 pmol 


21.3% 


33.6% 


Analog #1 




10.5% 


28.3% 




*P < 0.05 by ANOVA 



As shown in the above Table, the MTT assay confirmed a significant 
decrease in the ceU growth of both pancreatic tumor ceU fines when PYY and 
Analog #1 were added to the cells. 

,v . »« p 9 - Pern. linn f-^if^Hv. ActivilyJqjaa 

profiferafion of a pancreatic ducu. adenocarcinoma in vivo is 

Tbe human pancreatic ductal adenocarcinoma Mia Paca-2 was exammed f r 
„ vivo growth inhibition by peptide YY and Anaiog «. ^ 
,00.000 human Mia PaCa-2 cells were orthotopic, Ranted - 48 m* 
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#1 at 200 pmol/kg/hr via mini-osmotic pumps for four weeks. The paired cultures 
received saline. At sacrifice, both tumor size and mass were measured. 

Control mice had significant human cancer growth within the pancreas as 
evKlenced by histologic sections. At 9 weeks, ninety percent (90%) of control mice 
had substantial metastatic disease. Tumor mass was decreased by 60.5% in Analog 
#1 treated mice and 27% in PYY treated mice. 

EXAMPLE 1 - Intravenous Treatment Of FVni r p r ^ tir Tllmnr /tf ^ 

A patient having a pancreatic serous cyst adenoma is treated as follows in 
accordance with the present invention: 

A sterile saline or distilled water solution containing from 7200 pmol to 
864,000 pmol PYY or Analog #1 in 1000 cc of total volume is administered intra- 
venously to the patient at a rate of 12 to 24 ml/hour. The solution is administered 
so as to provide a delivery rate of PYY or Analog #1 on the order of about 200 
pmol/kg/hour to about 400 pmol/kg/hour. The intravenous administration is 
conducted for 6 to 36 hours at a time depending upon patient tolerance. Standard - 
intravenous delivery equipment is utilized. The treatment is repeated as required 
to achieve reduction in tumor cell proliferation. 

EXAMPLE 4 - Perfusion Treatment Q£Jgjig D ^ncnatir Im pgr '7 "fir 

A patient having a pancreatic solid-cystic tumor is treated as follows in 
accordance with the present invention: 

A sterile saline or distilled water solution containing from PYY or Analog 
#1 is administered by directly perfusing the solution into the tumor site The 
concentration of PYY or Analog #1 in the solution and the delivery rate are chosen 
to provide delivery of 200 pmol/kg/hour to 400 pmol/kg/hour. Perfusion is 
accomplished using Alzet Mini-Osmotic pumps implanted subcutaneously which are 
connected to a polyethylene catheter tunneled through the abdominal musculature 
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10 



15 



20 



25 



■ r J , mr l 1nW rt -- ™— ' ' " ' "» "' fWr i r l Hr T 

EMMEm Iffiiaa-*! rancrealic duct is treated as 

A patient having a carcinoma anstng from a pancreanc 

follows in accordance with the present invention: ^lOOpmol 
A „ implant device is prepared which is capab.e of deltvenng from 00 pmo 
„ ,000 Z - PVV or Ana,„g fl directly . me tumor for periods of up . 
rrrdeviceisimp.an^dadiac.nt.metumorinacoon.ancew.dts.ndard 

implant insertion procedures. 

islet is treated as 

foUows in accordance with the present —: ^ 
p m o,/-g/hour to ahou, 400 pmol/kg/hour o, either PYY or Analog «. 

w -:in=:- — « ° — ^ 

«rfuring .he so.ut.on in* ,e .umor ,e. » _ ^ = 
, • cvcmnle 4 is followed. The concentration of PYY or Analog * 

^^Ilrsrrreferencema^ref^-e.n^ri, 
mehac:idofd,e,ven,onandu>prov,eadd,rion,de.,regardmg, B pmc. 

tice are all hereby incorporated by reference. 
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The foregoio,. description has been United «, specific embodiments of this 
tnvention. II wfii be apparem , ^ ^ 

made «, .he invennon, wiu, me a.uinmen. of some or al! of the advances of the 
■nvendon. Such embodiment* are aiso within .he scope of the fofiowiog claims 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: McFadden, David W 
ill* TITLE OF INVENTION: TREATMENT OF PANCREATIC TUMORS 
<U) WITH PEPTIDE YV AND ANALOGS THEREOF 

(iii) NUMBER OF SEQUENCES: 5 

(C) CITY: Los Angeles 

(D) STATE: CA 

(E) COUNTRY: USA 

(F) ZIP: 90067 

<v) COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: Floppy 
B COMPUTER: IBM PC compatible 

C OPERATING SYSTEM: PC-DOS/MS-DOS „ 
(D) SOFTWARE: Patentln Release #1.0, versio 

ivi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

••; : (v'iii) ATTORNEY/ AGENT INFORMATION! ...... 

( ' (A) NAME: Oldenkamp, David J 

B REGISTRATION NUMBER: 29421 . ■ ■ 
<C) REFERENCE/DOCKET NUMBER: 107012 

(ix) TELECOMMUNICATION INFORMATION: 
* (A) TELEPHONE : 310-788-5046 

(B ) TELEFAX: 310-277-1297 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(vi) ORIGINAL SOURCE : „_«. lde yy 

(A) ORGANISM: porcine peptide xx 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Tyr Pro Ala Lys Pro Glu Ala Pro Gly Glu Asp Ala Ser Pro Ol- Ol« 

1 5 

Hifl Tv r Leu Asn Leu Val Thr 
Leu Ser Arg Tyr Tyr Ala Ser Leu Arg Hie Tyr u ^ 

20 25 

Arg Gin Arg Tyr 
35 
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(2) INFORMATION FOR SEQ ID NO: 2; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: HUMAN PEPTIDE YY 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Tyr Pro lie Lys Pro Glu Ala Pro Gly Glu Asp Ala Ser Pro Glu Glu 
5 io 



15 



Leu Asn Arg Tyr Tyr Ala Ser Leu Arg His Tyr Leu Asn Leu Val Thr 
20 25 30 

Arg Gin Arg Tyr 
35 
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(2) INFORMATION FOR SEQ ID NO: 3: 

lii SEQUENCE CHARACTERISTICS: 
( ' (A) LENGTH : 36 amino acxds 

(B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

< Vi) °?S I S«S25 B HUMAN NEUROPEPTIDE Y 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

™ «r « mp « «» »p »• « "* s- ~ 

1 5 

, t His Tvr He Asn Leu He Thr 

Met Ala Arg Tyr Tyr Ser Ala Leu Arg His Tyr ^ 
20 " 

Arg Gin Arg Tyr 
35 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 amino acxds 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

; (ii) MOLECULE. TYPE: peptide _ . .. 

(vi) "ft 1 oSan?S? E porcine neural peptide y 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Tyt „ s.< «. « MP «» Pro .» «. »P ». "» »* «" 

Mia Tvr He Asn Leu He Thr 
Leu Ala Arg Tyr Tyr Ser Ala Leu Arg Hie Tyr ^ 
20 " 

Arg Gin Arg Tyr 
35 

(2 ) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 
<B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

( vi) ORIGINAL SOURCE: analog #1 

(A) ORGANISM: peptide YY analog r 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

». s.. L~ «, .1. M. M «1 «- « ? 

1 5 
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CLAIMS 

What Is Plaim^H l r 

1 • A method of inhibiting proliferation of pancreatic tumors, said method 
comprising the step of contacting said pancreatic tumors with an effective amount 
ofPYYoraPYYagonist. 

2. A method of claim 1 , wherein said pancreatic tumor is benign. 

3. A method of claim 1 , wherein said pancreatic tumor is malignant. 

4. The method of claim 1, wherein said contacting is effected 
parenterally. 



5. The method of claim 4, wherein said contacting is effected 
intravenously. 

6. The method of claim 4, wherein said contacting is effected 
subcutaneously. 

7. The method of claim 4,wherein said contacting is effected by 
implantation. 



8. The method of claim 4, wherein said contacting is effected by 
perfusion. 



9- The method of claim 2, wherein said contacting is effected 
parenterally. 



10. The method of claim 9, wherein said contacting is effected 
intravenously. 
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n . The method of claim 9, wherein said contacting is effected 
subcutaneously. 

12. The method of claim 9,wherein said contacting is effected by 
implantation. 

,3. The method of claim 9, wherein said contacting is effected by 
perfusion. 

,4. The method of claim 3, wherein said contacting is effected 
parenterally. 

15. The method of claim 14, wherein sud contacting is effected 
intravenously. 

subcutaneously. 

17 . The method of claim U.wherein said contacting is effected by 
implantation. 

18 . The method of claim 14, wherein said conueung is effect by 
perfusion. 
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